Honorable Assistant Commissioner 
ts 

D.C. 20231 

herewith for filing is the patent 
application of: 



DOCKET 71442JRE 
BOX PATENT APPLICATION 

X haraby certify that this corraspondanca is b*ii£ Es^T&t^ „ S . PTO 



TODAY with tha TJnitad St at as Postal Sarvlcas as 
Post Offica to Addrassa* in an anvalopa addrassad 
Patant Application, Assistant Cou&issionar £or 
Washington, D.C » 20231. 



Collea/i E. Metzler 





02/04/97 



4, 



Express Hail Lobal No. 



EM466768770US 



John R. Fyson 

For: METHOD OF TREATING WASTE 
EFFLUENT 

Enclosed are: 
pX I 6 sheet(s) of drawing(s). 

| ^ | An assignment of the invention to Eastman Kodak Co. . 
| X | A certified copy of a application. 
An associate power of attorney. 
A Disclosure Statement Under 37 C.F.R. 1 .97. 
Combined Declaration for Patent Application and Power of Attorney. 



| 1 Prior to examination of the above-identified application, amend the specification at Page 1, after the 
tide, by inserting the following: 

--CROSS REFERENCE TO RELATED APPLICATION 

Reference is made to and priority claimed from U.S. Provisional Application Serial No. , filed 
, entided .-- 



" " v """f> — ■ 






OTHER THAN A SMALL ENTITY 


FOR: 


NO. FILED 


NO. EXTRA 


RATE 


FEE 


BASIC FEE 










$770 


TOTAL CLAIMS 


30 


-20 = 


10 


x22 = 


$220 


INDEPENDENT CLAIMS 


4 


- 3 = 


1 


x80 = 


$80 



TOTAL 



$ 1330 



| X | Please charge my Deposit Account No. 05-0225 in the amount of $ 1330, 

A duplicate copy of this sheet is enclosed 
| X | The Assistant Commissioner is hereby authorized to charge any additional filing fees required under 
37 CFR 1 .16 or credit any overpayment to Deposit Account No. 05r0225 , 

A duplicate copy of this sheet is enclosed. 



John R. Everett/cem 
Telephone: (716)722-2776 
Facsimile: (716)477-1148 




Attorney/far Applicants 
Registnftij/n No. 25,332 



A:\APPTRANS.DOC 



Honorable Assistant Commissioner 
/^lungtpnH^. .. 2023 1 



DOCKET 71442JRE 
BOX PATENT APPLICATION 

S8S 



X h«raby certify that this corrospondanca is fc*fc_ _ 
TODAY with tha Onitad Statas Postal Sarvicas SJi *l!»Vjjf 3^3£lp • PTO 
Post OfCica to Addrsssaa in «n anvalopa addxassad tjd£ E Q £ 1 

Patant Application, Assistant Coanissioaar foe PatsUtB/ 7> 3 > Q 1 
Washington, D.C. 20231. 



4, 



Sir: 

i - : ■ -' - • & 




A 



Collea/i E. Metzter 



02/04/97 



Express Hail Labal 



ho. EM466768770US 



Tf^ffi^^rewith for filing is the patent 
application of: 

John R. Fyson 

For: METHOD OF TREATING WASTE 
EFFLUENT 



Enclosed are: 
I X | 6 sheet(s) of drawing(s). 

1 X | An assignment of the invention to Eastman Kodak Co. , 
1 X 1 A certified copy of a application. 
An associate power of attorney. 
A Disclosure Statement Under 37 C.FR. 1.97. 
j X | Combined Declaration for Patent Application and Power of Attorney. 

I I Prior to examination of the above-identified application, amend the specification at Page 1, after the 
title, by inserting the following: 

-CROSS REFERENCE TO RELATED APPLICATION 

Reference is made to and priority claimed from U.S. Provisional Application Serial No, , filed 
, entitled .-- 

The riling fee has been calculated as shown below: 









OTHER THAN A SMALL ENTITY 


FOR: 


NO. FILED 


NO. EXTRA 


RATE 


FEE 


BASIC FEE 










$770 


TOTAL CLAIMS 


30 


-20 = 


10 


x22 = 


$220 


INDEPENDENT CLAIMS 


4 


- 3 = 


1 


x80 = 


$80 


X | MULTIPLE DEPENDENT CLAIM PRESENTED 


+ 260 


$260 




TOTAL 


$1330 



I X I Please charge my Deposit Account No. 05-0225 in the amount of $ 1330, 

A duplicate copy of this sheet is enclosed 
I X 1 The Assistant Commissioner is hereby authorized to charge any additional filing fees required under 
37 CFR 1 .16 or credit any overpayment to Deposit Account No. 05r0225 . 

A duplicate copy of this sheet is enclosed. 



John R. Everett/cem 
Telephone: (716)722-2776 
Facsimile: (716)477-1148 



Attomey/i( 
Registrg/ti 




r Applicants 
n No. 25,332 



A:\APPTRANS.DOC 



Honorable Assistant Commissioner 

for Patents^ 
Washingt^^lGp2^3 1 



Sir: \, i ' * i! 

Transn^ed hefe^'# filing is the patent 



DOCKET 71442JRE 
BOX PATENT APPLBgA?5Q^. pto 

I lunby c.rtify th*t tkl. cor*..po=a«»e. 1. b.lng J«F°»Jflf* J m » r A f- A 
«>W^4tl» th. VnL*~L »o.fl MttIcm «. **pr... W>/ / 33301 

/>/. k 02/04/97 



Collect E. Metzter 





A 



Cut* 



Express Mail L«b*l 



Mo . FM466768770US 



application 
JohnR. Fyson 

For: METHOD OF TREATING WASTE 
EFFLUENT 

Enclosed are: 
j x 1 6 sheet(s) of drawing(s). 

\~X~~\ An assignment of the invention to Fastman Kodak Co.. 
jHfl A certified copy of a application. 
| ( An associate power of attorney. 

| ( A Disclosure Statement Under 37 C.FJR.. 1.97. 

jlfl Combined Declaration for Patent Application and Power of Attorney. 

| 1 Prior to examination of the above-identified appUcation, amend the specification at Page 1 , after the 

title, by inserting tlie following: 




. - $ 1330. 

m Please charge my Depos^^ 

1 A duplicate copy of this sheet is enclosed 

|T1 The Assistant Commissioner is hereby authorized to charge any additional filing fees required under 

37 CFR 1 16 or credit any overpayment to Deposit Account No. 0MZZ5. 

A duplicate copy of this sheet is enclosed. 

A 



John R. Everett/cem 
Telephone: (716)722-2776 
Facsimile: (716)477-1148 



Registra 



Attorney/for Applicants 



nNo. 25,332 



A:\APPTRANS.DOC 




iStM'M Docket 71442JRE 
\^IA|CI®^ Inventors: John Richard Fyson 



lication Based on 



METHOD OF TREATING WASTE EFFLUENT 



I hereby certify that this correspondence 
is being deposited today with 
the United States Postal Services as 
"Express Mail-Post Office to Addressee" 
and is addressed to: 

Assistant Commissioner for Patents, 
ATTN: BOX PATENT APPLICATION 
Washington, D. C. 20231 



Express Mail Label No.: EM466768770US 
Date of Mailing: ^fjjp. 4, }tffy7 



Signature: CaJIIaj?^ 



Name: Colleen E. Metzler 




A:\EXPPAGEDOC 

04 February 1997 09:14 AM 



io . 




-1- 



METHOD OF TREATING WASTE EFFLUENT 

Field of the Invention 

The present invention relates to a method of treating waste 
effluent, in particular photographic effluent, which contain reduced species, 
especially sulphur-oxygen species, such as, for example, thiosulphate or sulphite. 
The present invention also embraces apparatus for performing such methods of 
treatment. 



10 Background of the Invention 

It is usual for photographic effluent for both black-and-white and 
color processing to contain one or more reduced sulphur-oxygen species. 
Thiosulphate or "hypo" is commonly used as a fixing agent, and sulphite ions are 
often included in developer solutions and/or stop/clearing baths as a preservative 

15 scavenger for oxidized developing agent. Sulphite is also known as a fixing agent 
DE-A-3635219 to AGFA-GEVAERT AG discloses treating dilute aqueous 
solutions of thiosulphate by oxidation with hydrogen peroxide in the presence of a 
chromium, vanadium, tungsten or molybdenum compound as catalyst and 
discloses that molybdate is preferred. It is desirable to oxidize thiosulphate in 

2 0 photographic effluent before discharging the effluents to a sewage system, in order 

to reduce the chemical oxygen demand (COD) of the effluent. 

Problem to be Solved by the Invention 

A problem with the treatment method disclosed by DE-A-3635219 
25 is that, while the COD of the thiosulphate-containing photographic effluent is 

reduced, transition metal contaminants are added to the effluent as catalyst which 
are subsequently discharged into the environment. This is clearly undesirable for 
environmental reasons, and is also an inefficient use of the transition metals. It is 
an object of the present invention to provide an improved treatment method for 

3 0 waste effluent, and in particular photographic effluent, containing reduced species, 

which does not involve the discharge of transition metal species to the 
environment and in which the transition metal species can be reused. 
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Summary of the Invention 

According to one aspect of the present invention therefore there is 
provided a method of treating waste effluent containing reduced species, by 
oxidation with hydrogen peroxide, or a compound capable of releasing hydrogen 
peroxide, in the presence of a catalyst therefor, characterized in that said catalyst 
is immobilized on a substrate therefor. 

The reduced species may generally be a sulphur-oxygen species, 
typically as thiosulphate or sulphite. 

Said catalyst may be selected from molybdate, tungstate, chromate 
and vanadate, although tungstate and especially molybdate are preferred. 

Typically the substrate will constitute a porous mass which permits 
15 permeation of the photographic effluent into its interstices, thereby presenting a 

large surface area of catalyst to the effluent. Said substrate may be anionic, and in 
a particular aspect of the present invention the substrate comprises an anion 
exchange material. In some embodiments, a mixture of anion and cation exchange 
materials may be used. The material may typically be a polymeric resin, especially 
2 0 a polyacrylic or polystyrene resin, or clay or zeolite-type material. 

In another aspect, the present invention contemplates a 
photographic development process in which effluent from one or more of the 
development steps are treated continuously or batch- wise by the method 

2 5 according to the present invention. Usually, the effluent from each stage will be 

combined and treated together. Said development process may be a redox- 
amplification (RX) process which is performed upon a photographic element 
containing a reduced silver lay-down density as compared with conventional silver 
halide photographic materials. As will be well known to a person skilled in the 

3 0 art, hydrogen peroxide is employed in the development step of an RX process, in 

which case it may be unnecessary to add additional peroxide to the photographic 
effluent. Of course, additional peroxide may be added to the effluent if required. 

The above method is therefore particularly appropriate for use with 
3 5 dilute solutions containing fixer, for example those with less than about 20g 
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thiosulphate (based on ammonium thiosulphate), and hence is suitable for RX 
developed images. 

However it has been found that with those fixer solutions wherein 
5 the amount of sulphur-oxygen species is high, i.e. conventional solutions such as 
those used in x-ray and graphic arts, and wherein sufficient peroxide is added to 
effect total oxidation to sulphate, the pH may become very acid (even as low as 
pH 1) which would be corrosive and unsuitable for discharge directly to sewers. 
The effluent could be subsequently neutralized by adding an alkali or base to the 
1 0 treated liquid in an amount appropriate to render the pH suitable for disposal, 
generally around pH 5-9, but this would require a separate process. Adding an 
alkali metal hydroxide or carbonate having a high pH to the added peroxide 
solution however causes the peroxide to decompose rapidly and therefore it 
cannot be stored therewith. 

15 

In accordance with a further aspect of the invention the above 
problem has been overcome by the addition to the peroxide solution of a soluble 
alkali whose conjugate acid has a pKa of < 8.5, such as for example a soluble 
bicarbonate, alkanoate, e.g. acetate, or dihydrogen phosphate, in an amount 
2 0 approximately equivalent to the acid released in the decomposition reaction. Only 
very slight decomposition of peroxide over a period of several weeks results. 

The soluble alkali is an alkali metal or ammonium salt, preferably a 
bicarbonate and more preferably the highly soluble potassium bicarbonate since 

2 5 the solubility of the alkali limits the amount of the acid that can be neutralized. At 

low pH the bicarbonate is converted to carbon dioxide which escapes from the 
solution thereby not adding to the salt content, which would be the case for other 
salts except for hydroxide or carbonate. Potassium bicarbonate is also the least 
polluting alkali, as it has no biological oxygen demand (BOD 5 )> and is also the 

3 0 cheapest, making it particularly suitable for practice in the present invention. 

The pH of the effluent is raised by the above process but cannot exceed 
the natural pH of the alkali (about pH 9) so if there is a pump fault anywhere in the 
apparatus then the pH of the effluent can never go too high. Moreover provided an 
3 5 excess of alkali is added the actual amount required is not critical. 
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Conveniently the peroxide/alkali mixture may be stored as a 
combined oxidation/neutralizing solution which can then be pumped through a 
single pump and thence together with the fixer solution over the immobilized 
5 substrate as described hereinafter. 

Compounds capable of releasing hydrogen peroxide include metal 
peroxides; compounds which include hydrogen peroxide in their crystal structure 
such as sodium percarbonate; other peroxy compounds such as sodium perborate 
10 and persulphate; or soluble organic peroxide, such as butyl peroxide or benzyl 
peroxide. The peroxide is added in an amount sufficient to cause oxidation of a 
substantial proportion of the reduced species and is conveniently hydrogen 
peroxide itself. 

15 Where the photographic effluent is treated batch- wise, the catalyst 

may be disposed within a receptacle which is equipped with an inlet for 
introducing photographic effluent from the development process and an outlet for 
discharging treated effluent to waste. The outlet will be fitted with selectively 
operable closing means for closing the outlet during conduction of the treatment 

2 0 method, typically a valve. 

Alternatively, the treatment method may be performed 
continuously on effluent delivered from the photographic development process. In 
another aspect of the present invention therefore the catalyst/substrate may be 

2 5 packed in a conduit which is arranged to receive photographic effluent in one end, 

and to deliver the treated photographic effluent from the other end. The flow rate 
of photographic effluent through the conduit will be adjusted such that the average 
residence time of effluent within the conduit is sufficient to oxidize a substantial 
proportion of the reduced sulphur-oxygen species contained in the effluent. 

30 

In the method wherein alkali is added to the peroxide in storage, 
the experimental set-up is as described hereinafter. 

Where thiosulphate-containing effluents from the fixing stage are 

3 5 treated in accordance with the present invention, silver that has been complexed 



71, 442 .DOC 



-5- 



during fixing may be precipitated in the treatment stage. In some embodiments 
therefore silver-bearing precipitate may be separated from the treated 
photographic effluent before the effluent is discharged. For this, filtering or 
centrifuging means may be employed. 

5 

Advantageous Effect of the Invention 

According to the present invention therefore a method of treating 
waste effluent containing reduced species, preferably containing sulphur-oxygen 
species, is provided which does not involve discharging transition metal species 

10 into a sewage system. This is advantageous from the environmental perspective, 
and also means that the transition metal catalysts can be reused which is more 
efficient in these materials as compared with the prior art processes. 
Unexpectedly, the present applicants have found that by supporting the transition 
metal catalysts on a substrate therefor, substantially less catalyst can be used as 

15 compared with the prior art processes without impairing the efficiency of the 

treatment reaction. For example, the treatment method of the present invention 
can be performed effectively using less than 1/100 parts by weight catalyst, and 
typically less than 1/250 parts by weight of sulphur-oxygen species. It was also 
found surprisingly that use of a supported catalyst in accordance with the present 

2 0 invention appeared to cause or allow more complete destruction of sulphur- 
oxygen species to sulphate as compared with prior art processes using 
unsupported catalyst. 

A method is further provided wherein addition of alkali, such as 

2 5 potassium bicarbonate, to the peroxide solution in the case of effluents with high 

fixer concentration enables the pH of the treated effluent to be maintained at 
environmentally acceptable levels. 

Brief Description of the Drawings 

3 0 Figures 1 to 4 of the accompanying drawings are graphs of pH 

verses time for reactions of photographic effluent with peroxide in the presence of 
a supported catalyst. 

Figure 1 is a pH versus time graph for effluent reaction with 
3 5 peroxide with resin, without resin and a control without molybdate. 
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Figure 2 shows the use of a number of Dowex 1x8 series resins, 
and also a control 

5 Figure 3 shows the use of Dowex 1x2 series resins, and also a 

control. 

Figure 4 shows the use of a Duolite 6113 mixed-bed resin, and a 

control. 

10 

Figure 5 shows the holding tank for performing the treatment 
method of the present invention. 

Figure 6 shows a conduit in accordance with the present invention 
15 for performing the treatment method. 

Figure 7 shows an experimental set-up to demonstrate the use of a 
storable peroxide/alkali combination in a process according to the invention. 

2 0 The invention will now be described with reference to the 

following Examples which are not to be construed as limiting in any way. 

Detailed Description of the Invention 
EXAMPLE 1 

25 A "mock" effluent from a low silver RX color process was made 



up from the following solutions: 
Developer: 

1 -hydroxy ethylidene- 1,1- 

-diphosphonic acid 0.6g 

3 0 Diethyltriaminepentaacetic acid 2.0g 

Dipotassium hydrogen phosphate 40. Og 

Hydroxylamine sulphate 0.5g 

CD3 4.5g 

Hydrogen Peroxide (30%) 2ml 

3 5 Water to 1 litre 
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pH adjusted to 11.7 

[CD3 = 4-amino-3-methyl-N-ethyl-(2-methanesulfonamido-ethyl)ani 
sesquisulfate hydrate.] 

5 

A pseudo seasoned fix/stop was made up with the following 



constitution: 

Sodium thiosulphate pentahydrate 20g 

Sodium meta bisulphite 30g 

10 Sodium acetate 40g 

Silver chloride 12g 

Water to 1 litre 



The pH of the fix/stop measured at 25C was adjusted to 6.3 with 
sodium hydroxide. 

15 

Effluent = 6 parts developer + 5 parts fix/stop + 20 parts water. 

Molybdate ions were first adsorbed on an anionic resin using the 
following method. lOg of Amberlite® IRA-400 exchange resin (manufactured by 

2 0 Rohm and Haas) was stirred gently in 50ml demineralised water. To this was 

added 2ml 1% ammonium molybdate solution. This mixture was stirred for 10 
minutes and then the liquid was decanted from the resin and the resin was washed 
with 3 x 50ml changes of demineralised water. The drain resin was used for the 
following experiments. 

25 

100ml of effluent at room temperature (22C) were placed in a 
150ml beaker on a magnetic stirrer and stirred gently. A glass pH electrode and 
calomel reference electrode were placed in the solution and connected to a 
Radiometer pH meter, the meter having being calibrated previously with reference 

3 0 pH buffers. The pH was recorded. 30ml of 3% hydrogen peroxide were quickly 

added and the pH was recorded after lOsec and then as felt appropriate until the 
pH stayed constant. At the end of the run the treated liquid was removed and 
analyzed for molybdenum by atomic adsorption spectroscopy. To demonstrate 
the invention the experiment was repeated with the lOg treated resin added. At 
3 5 the end of the run the resin was filtered off before the treated liquid was sent for 
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molybdenum analysis as before. The experiment was again repeated but this time 
with 2ml 1% ammonium molybdate added directly to the mixture of effluent and 
peroxide with no resin present. 

5 The levels of molybdenum in the treated effluent are shown in the 

following table: 



Effluent treatment 


MO in Final Effluent PPM 


Peroxide only 


<0.05 


Peroxide + molybdate adsorbed on resin 


0.55 


Peroxide + molybdate 


86 



The destruction of sulphite and thiosulphate in the "mock" 
1 0 photographic effluent was monitored by observing the pH change with time. The 
reactions taking place in the mixture are as follows: 

S0 3 2 + H 2 0 2 - > S0 4 2 " + H 2 0 Reaction 1 

1 5 H0 3 - + H 2 0 2 — > S0 4 2 + H + Reaction 2 

2S 2 0 3 2 " + H 2 0 2 + 2H + — > S 4 0 6 2 - + 2H 2 0 Reaction 3 

S 4 0 6 2 - + 7H 2 0 2 - > S0 4 2 - + 4H 2 0 + 6H + Reaction 4 

20 

2H 2 0 2 — > 2H 2 0 + 0 2 Reaction 5 



The pH of the mixture starts at around 7. At this pH almost all the 
sulphite in the mixture will be protonated as the bisulphite and of the first two 

2 5 reactions, reaction 2 will be the more important so as the reaction takes place the 

pH should fall as protons are liberated. Reaction 3 must take place before 
reaction 4. Reaction 3 causes the pH to rise as protons are used and the reaction 
4 takes over and the pH falls again. Thus the pH can be used to follow the 
reaction. Reaction 5, the peroxide decomposition reaction does not change the 

3 0 pH. 
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The pH versus time curves for these runs are shown in Figure 1. 
The initial pH in all runs fell rapidly leaving the thiosulphate to react. The 
oxidation of thiosulphate in the run containing the resin with molybdate adsorbed 
was about three time faster than the run without a catalyst. The final pH was also 
5 lower suggesting that the reaction had proceeded further. Although the 

thiosulphate was removed faster and more completely by the run containing the 
equivalent amount of unadsorbed molybdate, the molybdenum in the effluent was 
about 150 times greater. This experiment shows that molybdate adsorbed on a 
resin is an efficient catalyst for the oxidation of photographic effluent with very 
1 0 little molybdenum entering the waste stream. 

EXAMPLE 2 

Example 1 was repeated with a series of Dowex 1X8 anionic ion- 
exchange resins. This series has resins of different bead sizes, the last number in 
15 the resin's name being the approximate mesh size of the beads, 50 being the largest 
and 400 the smallest The 100 mesh beads were found to provide the best 
catalysis for the reaction, which was surprising as it would have been expected 
that the smaller bead with the greater surface area would be the most effective. 
The resulting pH curves are shown with a control, containing no molybdate, as 

2 0 Figure 2. 

EXAMPLE 3 

Example 1 was repeated with two Dowex 1X2 anionic ion- 
exchange resins, having a different amount of cross-linking compared to the 1X8 
25 series. The resulting pH curves are shown with a control, containing no 

molybdate, as Figure 3. The reaction rates were similar to those in Example 2, but 
there was less difference between the 100 and 400 mesh size resins. 

EXAMPLE 4 

3 0 Example 1 was repeated with a Duolite 6113 resin, a mixed bed 

resin comprising a mixture of anionic and cationic resins. The resulting pH curves 
are shown with a control, containing no molybdate, as Figure 4. The mixed bed 
resin + molybdate showed some increased reaction rate over the control but was 
not as good as the pure anionic exchange resins. 

35 
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In practice, the treatment method according to the present 
invention may be performed batch- wise in a holding tank apparatus (10) as 
illustrated in Figure 5 or using a continuous feed from a photographic 
development process, in which case a conduit apparatus (20) of the kind 
5 illustrated in Figure 6 may be employed. 

The holding tank (17) is equipped with an inlet (11) for receiving 
photographic effluents batch- wise from a photographic development process. The 
effluents from the various stages of the process may be treated separately, or may 
10 preferably be combined and treated together. The holding tank (17) is also fitted 
with an outlet (12) which is provided with a manually operable valve (13). The 
outlet (12) is arranged for discharging treated effluents from the holding tank (17) 
to waste, e.g. in a public utility sewage system, via a separator (14) for separating 
precipitated silver species from the treated effluents. 

15 

The holding tank (17) contains a bed (15) of anion exchange resin 

(16) . Alternatively a mixed bed of cation and anion exchange resins may be used. 
The exchange resin(s) (16) is prior-treated with a solution of a chromate, vanadate 
or preferably tungstate or molybdate salt as hereinbefore described, so as to 

2 0 immobilize the transition metal oxyanion on the exchange resin (s). 

In service, photographic effluents from the development process 
are introduced batch-wise to the holding tank (17) through inlet (11) with valve 
(13) in the closed position. If necessary, peroxide, in the form of hydrogen 
2 5 peroxide, or a metal or organic peroxide capable of releasing hydrogen peroxide 
on contact with water, may be introduced to the holding tank (17) at this stage. 
Where the treatment is carried out on effluents from an RX development process 
however, the effluents may themselves already contain sufficient hydrogen 
peroxide. 

30 

The effluents and peroxide are allowed to stand in the holding tank 

(17) in contact with the ion exchange resin (16) for a predetermined period of time 
sufficient to allow substantially complete reaction of the hydrogen peroxide with 
sulphite and thiosulphate anions in the effluents, for example, for a period of less 
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than 1 hour. This reaction is catalyzed by the transition metal oxyanions 
supported on the exchange resin beads (16), and forms sulphate anions. 

The valve (13) is then opened, allowing the effluents to be 
5 discharged in the holding tank (17) through the outlet (12). Any precipitated 
silver species are removed by the separator (14), which may be a filter or 
centrifuge, and the effluents can then be discharged to waste. 



10 continuously from the photographic development process to the conduit apparatus 
(20) as shown in Figure 6. In this embodiment, the conduit (27) is generally U- 
shaped, but different configurations may be employed as desired. The conduit 
(27) comprises an inlet (21) and an outlet (22) and is packed as shown in Figure 6 
with a porous bed of ion exchange resin (26) as previously described. The outlet 

15 (22) is equipped with a manually adjustable valve (23) which is operated to 

control the flow rate of effluents through the conduit (27), such that the average 
residence time of the effluent in the conduit (27) is sufficient to allow substantially 
complete destruction of sulphite and thiosulphate to sulphate, for example, 
preferably less than 1 hour. The effluent is then discharged to waste via a 

2 0 separator (24) as hereinbefore described. 

EXAMPLE 5 

A fixer solution comprising seasoned fixer taken from a graphic 
arts processor was analyzed and found to contain: 



Alternatively, the photographic effluents can be introduced 



25 



ammonium thiosulphate 
sodium sulphite 
silver (complexed) 



142g/l 
12g/l 
16.2g/l 



30 



The formula of a hydrogen peroxide/potassium bicarbonate treating 



solution was as follows: 



30% hydrogen peroxide 
potassium bicarbonate 



250ml 



50g 



35 



water to 



1 litre 
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The experiment was run with and without bicarbonate in the 
solution, the final pH being measured in both cases. In the run without 
bicarbonate the pH of the treated effluent was at an environmentally unacceptable 
5 pH of 2. 1 . When bicarbonate was present together with the peroxide the pH of 
the treated effluent was satisfactory at 6.5. 

To test the efficacy of the peroxide/bicarbonate solution in storage, 
the combined solution was kept for a period of 4 weeks under normal conditions 
10 and the above experiment repeated. The pH was found to be 6.5 as before. The 
level of peroxide in the combined solution was analyzed by standard iodide 
titration and found to have decreased by only 0.8%. 

The experiment was repeated using however a peroxide/-sodim 
15 hydroxide solution containing 20g/l sodium hydroxide and having the same 
neutralizing power as the above. After 4 weeks the solution had completely 
decomposed and no peroxide was detected. 

The experimental set-up for the above experiment was as shown in 

2 0 Figure 7. A peroxide/bicarbonate solution (30) having the quantities above and 

the seasoned fixer (40) described above were introduced into vessels (50) and (60) 
respectively. Molybdate ions were adsorbed onto an anionic resin (140) as 
described in Example 1 except that the resin used was 

Amberlite ® IRA-458 exchange resin (manufactured by Rohm and Haas), which is 
25 a polyacrylate resin. In an additional experiment the alternative polystyrene 
anionic exchange resin Amberlite ® IRA-68 was used. 

The 'mock* effluent containing fixer solution (40) was then 
pumped via pump (80) to the holding tank (180), which initially only contained 

3 0 water, within overflow vessel (1 10) on a magnetic stirrer (120) and the solution 

(90) being treated was stirred gently. A glass pH electrode and calomel reference 
electrode were placed in the solution and connected to a Radiometer pH meter, as 
described in Example 1, for measuring the pH at predetermined intervals. The 
solution (90) in the holding tank (180) was then pumped, via pump (130), to 
3 5 combine with the peroxide/bicarbonate solution (30), pumped via pump (70), to 
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pass over the resin bed, equipped with filters (150,160) at either end and 
containing resin (140). After passing through the bed the treated effluent (190) 
was introduced back into the holding tank (180) and allowed to form an overflow 
(100) into the vessel (110). 
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CLAIMS 

1 . A method of treating waste effluent containing reduced species 
by oxidation with hydrogen peroxide, or a compound capable of releasing 

5 hydrogen peroxide, in the presence of a catalyst therefor, characterized in that said 
catalyst is immobilized on a substrate therefor. 

2. A method as claimed in claim 1 characterized in that the effluent 
is photographic effluent. 

10 

3. A method as claimed in either of the preceding claims 
characterized in that the reduced species are sulphur-oxygen species. 

4. A method as claimed in claim 3 characterized in that the 
15 sulphur-oxygen species are thiosulphate or sulphite. 

5. A method of treating waste effluent as claimed in any one of the 
preceding claims characterized in that the catalyst is selected from a molybdate, 
tungstate, chromate and vanadate. 

20 

6. A method as claimed in claim 5 characterized in that the catalyst 

is a molybdate. 

7. A method as in claim 1 characterized in that the substrate 

25 constitutes a porous mass which permits permeation of the waste effluent into its 
interstices, thereby presenting a large surface area of catalyst to the effluent. 

8. A method as in claim 1 characterized in that the substrate is an 
ion exchange material. 

30 

9. A method as in claim 1 8 characterized in that the substrate 
comprises an anion exchange material. 

10. A method as in claim 1 characterized in that the effluent is 
3 5 from a process with a redox-amplifier developer. 
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1 1. A method as in claim 1 characterized in that the effluent is 
from a process wherein the fixer contains an amount of sulpur-oxygen species 
greater than about 20g of thiosulphate (based on ammonium thiosulphate). 

5 

12. A method as in claim 1 characterized in that hydrogen 
peroxide, or a compound capable of releasing hydrogen peroxide, is combined 
with a soluble alkali whose congugate acid has a pKa of 

< 8.5, prior to reaction with the effluent, to reduce the final pH of the effluent to 
10 about 5 to 9. 

13. A method as in claim 12 characterized in that the alkali is a 
soluble bicarbonate, alkanoate or dihydrogen phosphate. 

15 14. A method as in claim 13 characterized in that the alkali is 

potassium bicarbonate. 

15. Holding tank apparatus (10) for treating waste effluents, which 
holding tank apparatus (10) comprises a receptacle (17) containing a catalyst, 

2 0 which catalyst is adapted for catalyzing the oxidation of reduced species in waste 

effluents by hydrogen peroxide, or a compound capable of releasing hydrogen 
peroxide, and which catalyst is immobilized on a substrate (16) therefor in the 
receptacle (17), an inlet (11) for introducing effluent from a development process 
to the receptacle (17), and an outlet (12) fitted with selectively operable closing 
25 means (13). 

16. Holding tank apparatus (10) as claimed in claim 15 
characterized in that the waste effluent is as claimed in any one of claims 2 to 4, 
11 and 12, 

30 

17. Conduit apparatus (20) for treating waste effluents, which 
conduit apparatus (20) comprises a conduit (27) containing a catalyst, which 
catalyst is adapted for catalyzing the oxidation of reduced species in waste 
effluents by hydrogen peroxide, or a compound capable of releasing hydrogen 

3 5 peroxide, and which catalyst is immobilized on a substrate (26) therefor, an inlet 
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(21) for introducing waste effluents to the conduit (27), and an outlet (22); 
whereby in use, waste effluents are supplied continuously to the conduit (27) at a 
volume throughput to achieve substantially complete oxidation of the reduced 
species. 

5 

18. Conduit apparatus (20) as claimed in claim 17, characterized in 
that the substrate (26) is porous and is packed in the conduit (27). 

19. Conduit apparatus (20) as claimed in either claim 17 or 18 

1 0 characterized in that the waste effluent is as claimed in any one of claims 2 to 4, 
10 and 11. 



20. Apparatus for treating water effluents (40) in a continuous 
manner as claimed in any one of claims 18 to 20 characterized by including a 
15 pump (130) for pumping waste effluent from a holding tank (180), a pump (70) 
for pumping hydrogen peroxide, or a compound capable of releasing hydrogen 
peroxide, or its combination with a soluble alkali whose conjugate acid has a pKa 
of < 8.5, for mixing with the waste effluent prior to passing over the catalyst 
immobilized on the substrate (140). 
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ABSTRACT 

This invention provides a method of treating waste effluent, 
particularly photographic effluent, containing reduced species such as thiosulphate 
or sulphite, by oxidation with hydrogen peroxide or a compound capable of 
releasing hydrogen peroxide, in the presence of a catalyst therefor. The invention 
is characterized in that the catalyst is immobilized on a substrate. The catalyst 
may be selected from chromate, vanadate and preferable molybdate or tungstate 
and the substrate may comprise an ion exchange material, especially an anion 
exchange material. The invention further provides a holding tank apparatus (10) 
or a conduit apparatus (20) for carrying out this method. 

The invention is particularly appropriate for use with fixer from 
redox-amplification processes. With conventional solutions with higher 
15 concentrations of fixer a soluble alkali, especially potassium bicarbonate, may be 
combined with the oxidizing agent and stored for at least 4 weeks without 
decomposition, whereby the pH of the final effluent is rendered environmentally 
acceptable. 



5 



10 



71 , 442 . DOC 



o 




o 

CM 


o 
o 
<* 




t 


1 


1 


1 




co 


CO 


CO 


CO 




X 


X 


X 


* 














X 


X 


X 


X 

LU 


o 


LU 


LU 


UJ 




c 


8 


o 
o 


DO 


DO 


c 

o 


□ 


I 


< 


> 


■ 



CM 

cn 
Ll. 




' Combined Declaration For Patent Application and Power of Attorney 


ATTORNEY DOCKET 
71442JRE 


As below named inventor, I hereby declare that: 
My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are listed below) of 
tv»*» onViifi/'t m^tt^r whtr4i ic HnitripH unH for wViipJi n naTfnt 19 ^oiipht on the invention entitled* 

METHOD OF TREATING WASTE EFFLUENT 

The specification of which (check only one item below): 


X 


is attached hereto. 

was filed as United States Application Serial No. on and 
was amended on (it applicable). 

was filed as PCT international application Number on and was amended under PCT Article 19 on (if applicable). 


I hereby state that I havs reviewed and understand the contents of the above-identified specification, including the claims, as amended by any amendment 
referred to above. 

I acknowledge the duty to disclose to the U.S. Patent & Trademark Office all information known to me to be material to patentability as defined in Title 37, 
Code of Federal Regulations, § 1 .56. 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 1 9 of any foreign application^) for patent or inventor's certificate or of any PCT 
international application (s) designating at least one country other than the United States of America listed below and have also identified below any foreign 
apphcations(s) for patent or inventor's certificate or any PCT international application^) designating a least one country other than the United States of 
America filed by me on the same subject matter having a filing date before that of the apphcation(s) of which priority is claimed: 


PRIOR FOREIGN/PCT APPLICATION(S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. 119: 


COij^TKY APPLCAnC+JNiWSE* DAT; OGLING PWORITYCUUMEO '*BER 36 USC §119 


UNITED KINGDOM 


9601915 .3 


JANUARY 31, 1996 


X 


YES 




KO 










YES 




NO 










V ES 




NO 


I hereby claim the benefit under Title 35, United States Code, 11 9 § (e) of any United States provisional application (s) listed below : 


PRIOR PROVISIONAL APPLICATION(S) AND ANY PRIORITY C 


LAIMS UNDER 35 U.S.C. §119 (e): 




"UNO PATE 






I hereby claim the benefit under Title 35, United States Code, §120 of any prior United States application® or PCT international application® designating the 
United States of America that is/are listed below and. insofar as the subject matter of each of the claims of this application is not disclosed in that/those prior 
apphcations(s) in the manner provided by the first paragraph of Title 35, §112, 1 acknowledge the duty to disclose to the U.S. Patent & Trademark Office ail 
information known to me to be material to patentability as defined in Title 37, Code of Federal Regulations §1.56, which became available between the filing 
date of the prior application (s) and the national or PCT international filing date of this application: 


PRIOR US APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S FOR BENEFIT UNDER 
35USC§120: 


U.S. APPLICATIONS 


STATUS (Check one) 


U.S. APPLICATION NUMBER 


U.S. FILING DATE 


PATENTED 


PENDING 


ABANDONED 






















PCT APPLICATIONS DESIGNATING THE U.S. 








PCT APPLICATION NO. 


PCT FILING DATE 


U.S. SERIAL NUMBERS 
ASSIGNED (if any) 













































PTO 1391 (REV 10-83) - EKCo. 



Page 1 of 2 



U.S. DEPARTMENT OF COMMERCE-Patent and Trademark Office 



Combined Declaration For Patent Application and Power of Attorney (Continued) 


ATTORNEY DOCKET 
71442JRE 


POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attomey(s) and/or agent(s) to prosecute this application 
and transact all business in the Patent and Trademark Office connected therewith (List name and registration number) 

John R. Everett, Registration No* 25,332 
Thomas H. Close, Registration No. 27,428 
J, Lanny Tucker, Registration No. 27,678 
Sarah Meeks Roberts, Registration No. 33,447 
Milton S. Sales, Registration No. 24,516 


Send Correspondence to: 

Sarah Meeks Roberts 
Eastman Kodak Company 
Patent Legal Staff 
Rochester, NY 14650-2201 


(name and telephone number) 

jonn Jx. n/vereu 
(7 16^ 722-2776 
FAX: (716)477-1148 


2 


fll. name cr 

IWENTCR 


FAMILY NAME 

Fyson 


FIRST GIVEN NAME 

John 


SECOND GIVEN NAME 
K. 


0 


FE3DENCE5 
CITlZENSH P 


CITY 

Hapten p,v 


STATE OR FOREIGN COUNTRY 

London E9 7 AS, UK 


COUNTRY OF CITIZENSHIP 

United Kingdom 


1 


BUSINESS 


BUSINESS ADDRESS 

Kodak Limited 


CITY 

Headstone unve, ri arrow 


STATE & ZIP CODE (COUNTRY) 

Middlesex, HAA1 4TY, UK 


2 


CULL NAME OF 
NVEVOR 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


0 


RESIDENCE a 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


2 


BJS^ESS 
ACCFESS 


BUSINESS ADDRESS 


CITY 




2 


FULL NAME OF 
IIWENTOR 


FAMILY NAME 


FIRST GIVEN NAME 


SbL/ONU LalVbN INAMt 


0 


CTIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNIHY Ur Ol 1 IZbtNonlr 


3 


BUS NESS 
AODRSSS 


BUSINESS ADDRESS 


CITY 


o \ A 1 b & tAr OULt (UUUfN I ni J 


2 


FLU NAME CF 
INVFNTOR, 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


0 


RESIDENCE & 
CT.ZENSH.P 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


A 


eusin~$$ 

ADDRESS 


BUSINESS ADDRESS 


CITY 


STATE & ZIP CODE (COUNTRY) 


2 


c oJL I-A'IEOF 
NVENTOR 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


0 


PESIOENCE & 
OIT ZEKSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


5 


BUSINESS 
ADOr=SS 


BUSINESS ADDRESS 


CITY 


STATE & ZIP CODE (COUNTRY) 


2 


FULL NAME OF 
INVENT03 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


0 


RESIDENCES 
CTIZE^HIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


6 


8'JS'NESS 
ADOPESS 


BUSINESS ADDRESS 


CITY 


STATE & ZIP CODE (COUNTRY) 


n 

an 
be 

isi 


lereby declare 
d further that 
tth, under secti< 
'uing thereon. 


that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be true; 
these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or 
Dn 1 001 of Title 1 8 of the United States Code, and that such willful false statements may jeopardize the validity of the application or any patent 


SIGNATURE OF INVENTOR 201 


SIGNATURE OF INVENTOR 202 


SIGNATURE OF INVENTOR 203 


dateO \\ 


DATE 




DATE 




SIGNATURE OF INVENTOR 204 


SIGNATURE OF INVENTOR 205 


SIGNATURE OF INVENTOR 206 


DATE 


DATE 


DATE 



PTO 1391 (REV 10-83) - EKCo. 



Page 2 of 2 



U.S. DEPARTMENT OF COMMERCE-Patent and Trademark Office 



